A D 


Award  Number:  DAMD17-97-1-7115 


TITLE:  Clinical  Trials  with  a  Polyvalent  Breast  Cancer 
Vaccine 


PRINCIPAL  INVESTIGATOR:  Philip  Livingston,  M.D. 


C  ONT  RAC  T  INC  0  RGANI 2  AT  I  ON :  S 1  o  an-Kett  e  r  ing  Inst  itut  e 

for  Cancer  Research 
New  York,  New  York  10021 


REPORT  DATE:  October  2000 


TYPE  OF  REPORT:  Final 


PREPARED  FOR:  U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Maryland  21702-S012 


DISTRIBUTION  STATEMENT:  Approved  for  Public  Release; 

Distribution  Unlimited 


The  views,  opinions  and/or 
are  those  of  the  author  (s) 
official  Department  of  the 


findings  contained  in  this  report 
and  should  not  be  construed  as  an 
Army  position,  policy  or  decision 


20010716  059 


1 


REPORT  DOCUMENTATION  PAGE 

FormAppro'sed 

0M8  No.  074-0188 

PiialicrwMUnqbotW)  la  hscoiWdonol  nlomaDonnaslmaedtoa^rege  1  ncurparreycnsa,  ireludngm*urmiorrtviw.ng.nwu«a™ t yon... ^ a. ' 

tHi  co»«tlo.  rf  irfom^iOA  S*cd  commirti  r^rr**  tM.  bird.  .tim.t.  o<  «ry  ah*  M»ct  rf  tM.coil.ioo  of  Worn*  to*  »lu*ng  .  u,g.  tlon  for  ^dicing  th.  bud.  1 0  Wooh**  « 
H.»^u«1*«9^Nc«^rctcrB{#f<T IrfomdJonOporefiore  <r>dR«po**.  1215  ^fferacn  Chvis  Hghv*,.  Site  1204  Adin^on  VA  2223243G2.andtotheOflai  ofMsnagetTBrt  end  Sxfeil  Rsp«v,a*Re<ixii<  r 
r)7numAA  W.himtcn  OC2Q333  .  .  .  ■  ■  ■  — - 

1.  AGENCY  USE  ONLY  (Laa/e  blank)  2.  REPORT  DATE 

October  tOOO 

3.  REPORT  TYPE  AND  DATES  COVERED 

riiiAl  (tt  3tp  97  -  1 1  3ep  00) 

4.  TITLE  AND  SUBTITLE 

Clinical  Trial*  with  a  Polyvalent  Brea*t  Cancer  Vaccine 

5.  FUND  N  G  NUMBERS 

DAMD17  -9?  -1-7115 

6.  AUTHOR(S) 

Philip  Livingston,  M.D. 

7.  PERFORMING  ORGANIZATION  NAME  (S)  AND  ADDRESS(ES) 

S lean- Kettering  Institute  fcrC  an cer Research 

New  York,  New  York  ICO  21 

E-MAIL: 

liv  insst^mskee .  as 

3.  PERFO  FMING  ORGANIZATION 

REPORT  NUMBER 

9.  SPONSORING  /  MON  IT  QRN  G  AGEN  CWA  ME{  S)  AND  ADD  RE  SS(  ES) 

US.  Army  Medical  Research  and  Materiel  Command 

Fort  Detrick,  Maryland  21702-5012 

10.  SPONSORING  /  MONITOHNG 

AGENCY  REPORT  NUMBER 

11.  SUPPLEMENTARY  NOTES 

12a  DISTRIBUTION  /  AVA ILABLITY  STATEMENT 

Approved  for  pubEc  release;  distribution  unlimited 

12b.  D ISTRBUT 10 N  CODE 

13.  ABSTRACT  (Msxmum  200  Words) 

MUC1  and  LeY  are  cell  surface  antigens  expressed  on  a  variety  of  epithelial  cancers  including 
cancers  of  the  breast  and  ovary.  They  would  appear  to  be  excellent  targets  for  antibody  inducing 
vaccines.  MUC1  and  LeY  vaccines  prepared  and  tested  over  the  last  4  years  have  resulted  in 
high  titer  antibodies  against  the  synthetic  antigens  which  were  of  relatively  modest  titer  against 
tumor  cells  expressing  these  antigens.  While  these  vaccines  could  be  included  in  future 
polyvalent  vaccines,  it  was  our  impression  that  we  could  augment  the  relevant  immunogenicity 
by  using  longer  MUC1  peptides  or  glycosylated  peptides,  or  by  using  LeY  vaccines  with  a  higher 
LeY/  KLH  epitope  ratio.  Consequently,  a  series  of  second  generation  MUC1  and  LeY  vaccines 
have  been  prepared,  tested  for  safety  and  immunogenicity  in  mice  and  are  now  in  clinical  trials. 
Trials  with  the  first  two,  a  longer  MUC1  peptide  (106aa)  and  a  glycosylated  version  of  this 
longer  MUC1  peptide,  have  been  completed  and  the  serologic  results  are  not  better  than  with  the 
original  shorter,  unglycosylated  MUC1.  Results  of  the  currently  ongoing  trials  with  shorter 
glycosylated  MUC1  peptides  and  with  the  higher  epitope  ratio  LeY  are  not  yet  available. 

14.  SUBJECT  TERMS 

Brcait  Cancer 

Vaccine 

MUC1.  Lewis  Y 

IS.  NUMBER  OF  PAGES 

8 

IS.  PRICE  CODE 

17.  SECURITY  CLASSIRCAT ION  18.  SECURITY  CLASSIRCAT ION 

OF  REPORT  OF  THIS  PAGE 

Unci  45 sii ied  Un cl  a* sit  icd 

19.  SECURITY  CLASSIRCAT  ION 

OF  ABSTRACT 

Unci  a.?  sii  led 

20.  IMITATION  OF  ABSTRACT 

Unlimited 

Standard  Form  298  ( Rev.  2-8^ 
Prescribed  by  ANSI  SW.Z33-1 3 
2S-712 


NSN  7540-01-280-5500 


Table  of  Contents 


Cover. . 

SF  29  8 . 

Table  of  Contents. . 

Introduction . 

Body . 

Key  Research  Accomplishments 

Reportable  Outcomes . 

Conclusions . 

References . 

Appendices . 


1 


2 


3 


4 


4 


6 


7 


.7. 

7 


INTRODUCTION 


Due  to  the  75%  reduction  in  funding  level  from  our  original  grant  application  the 
work  scope  has  been  restricted  to  the  production  and  pre-clinical  testing  of  MUC1 
and  Lewis  Y  vaccines  for  patients  with  breast  cancer  or  ovarian  cancer.  The  goal 
of  the  trials  is  to  induce  antibodies  against  MUC1  and  Lewis  Y  which  are  cell 
surface  antigens  broadly  expressed  on  cancers  of  the  ovary  and  breast.  Clinical 
trials  with  both  preparations  have  been  conducted  over  the  last  3  years  and  results 
are  available.  Several  modified  versions  (second  generation)  of  these  two 
vaccines  have  been  prepared  and  tested  or  are  being  tested  in  the  clinic. 


BODY 


MUC1 


Objective:  To  select  a  MUC1  peptide  in  a  MUC1-KLH  (keyhole  limpet 
hemocyanin)  conjugate  vaccine  that  generates  the  optimal  immune  response  against 
MUC1  peptide  and  tumor  cells  expressing  MUC1. 

Methods:  We  had  previously  immunized  breast  cancer  patients  with  a  MUC1- 
KLH  (Keyhole  Limpet  Hemocyanin)  plus  QS-21  adjuvant  vaccine  containing  1  Vi  repeats 
of  the  MUC1  20  amino  acid  (aa)  tandem  repeat  (1).  This  32aa  MUC1  vaccine  induced 
high  titer  antibodies  against  MUC1  in  essentially  all  immunized  patients  but  these 
antibodies  reacted  only  moderately  with  the  cell  surface  of  tumor  cells  expressing  MUC1 
(2).  Consequently,  a  variety  of  modifications  of  the  MUC1  peptide  have  been 
synthesized,  prepared  as  KLH  conjugates  and  tested.  These  were  either  longer  versions 
of  the  MUC1  peptide  or  glycosylated  MUC1,  in  both  cases  the  goal  was  to  make  the 
MUC1  more  closely  approximate  the  way  MUC1  appears  on  the  tumor  cell  surface.  The 
results  of  the  completed  trials  are  summarized  in  Table  1 . 

A  106aa  MUC1  peptide  expressing  more  than  5  repeats  of  the  20aa  MUC1 
tandem  repeat  was  prepared.  This  was  no  simple  feat.  This  long  peptide  was  prepared 
with  a  terminal  cystine  for  linkage  to  KLH.  Since  the  conjugation  efficiency  is  only 
15%,  30mg  of  the  MUC1  peptide  were  required.  The  peptide  was  purified  to  exclude 
shorter  MUC1  peptides,  sequenced  to  confirm  the  proper  sequence  and  conjugated  to 
KLH  using  an  M-maleimidobenzoyl-N-hydroxy  succinimide  (MBS)  as  previously 
described  (1).  Unbound  MUC1  was  excluded  with  a  30,000  molecular  weight  filter  and 
the  conjugate  mixed  with  QS-21  and  vialed.  The  epitope  ratio  of  MUC1  to  KLH  was  560 
to  1 .  Vials  were  opened  to  confirm  sterility,  purity,  safety  and  immunogenicity  as 
required  by  the  FDA. 

MUC1  peptides  (106aa  or  30-32aa)  were  glycosylated  with  0,  1,  3  or  5  Tn 
epitopes  (N-acetylgalactosamine)  per  20  amino  acid  tandem  repeat  (TR),  as  indicated  in 
the  Table  below,  and  processed  as  described  above.  Small  groups  of  patients  with  treated 
breast  cancer  or  ovarian  cancer  and  no  evidence  of  current  disease  were  immunized 
subcutaneously  with  one  of  these  various  MUC1-KLH  conjugate  preparations  plus 
immunological  adjuvant  QS-21  on  weeks  0,  1,  2,  6  and  18.  Sera  were  analyzed  for 
ELISA  reactivity  against  the  immunizing  MUC1  peptides  and  by  FACS  against  the 
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MUC 1  positive  breast  cancer  cell  line  MCF7.  T-cell  proliferation  and  IFN-y-release 
ELISPOT  assays  to  the  immunizing  peptide  was  measured  by  tritiated  thymidine 
incorporation  after  a  5  day  invitro  sensitization 

Results:  All  vaccines  were  well  tolerated  with  the  only  toxicity  being  local 
erythema  and  induration  at  vaccination  sites  lasting  2-5  days  and  occasional  mild  flu-like 
symptoms  lasting  1-2  days.  Serologic  responses  are  summarized  below.  While  potent  T- 
cell  proliferation  and  ELISPOT  reaction  with  KLH  were  seen,  no  consistent  evidence  of 
proliferation  or  ELISPOT  reactivity  against  MUC1  was  identified. 


TABLE  1 


Vaccine 

(+QS-21) 

Glycosylatio 

n 

No.  of  sites 
per  TR 

No.  of 
Amino 
Acids 

No.  of 
Patients 
Vaccinate 
d 

Median  Serological  Reactivity* 
ELISA 

FACS(MCF7) 

%  Pos  Cells 

IgM  IgG  IgM  IgG 

KLH-MUC1(- 

APDTRPA)f 

0 

31 

9 

1280 

10240  52%  26% 

KLH-MUC1(- 

RPAPGST) 

0 

33 

10 

1280 

320  35%  8% 

(HGVTSAP-)  MUC1 

0 

106 

11 

10 

0  14%  13% 

(HGVTSAP-)  MUC1- 
KLH 

0 

106 

13 

1280 

1280  29%  14% 

KLH-MUC1(- 

AHGVTSA) 

1 

31 

- 

Accrual  ongoing 

KLH-MUC1(- 

APDTRPA) 

3 

33 

* 

Accrual  completed 

KLH-MUC1(- 

APDTRPA) 

5 

33 

- 

Accrual  ongoing 

(HGVTSAP-)MUCl- 

KLH 

5 

106 

18 

80 

40 

* Median  pretreatment  ELISA  titers  0,  median  pretreatment  percent  positive  cells  10- 
11% 

f  Sequence  in  parenthesis  indicates  N-  or  C-  terminal  sequence  of peptide  away  from 
KLH. 


Lewis  Y  (LeY) 

Lewis  Y  pentasaccharide  was  synthesized  as  the  allyl  glycoside  as  described 
previously.  It  was  conjugated  to  KLH  following  reductive  animation  with  an 
LeY-KLH  conjugate  ratio  of  310/1 .  The  yield  of  conjugated  LeY  in  this  reaction 
was  8%.  LeY-KLH  conjugate  was  vialed  at  four  different  concentrations  with  QS- 
21  and  the  vials  tested  for  sterility,  safety,  and  immunogenicity.  Twenty- four 
patients  were  vaccinated  with  vaccines  containing  3,  10,  30  or  60mg  of  Le  in¬ 
groups  of  six  patients  (3).  The  peak  titer  IgM  and  IgG  ELISA  results  against  LeY 
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and  the  pre  and  post  immunization  flow  cytometry  results  at  the  four  different 
vaccine  doses  are  demonstrated  in  the  table  below.  The  lOug  dose  was  selected 
for  testing  in  future  vaccination  trials.  However,  the  ELISA  titers  and  flow 
cytometry  results  were  not  as  striking  as  initially  hoped  and  so  second  generation 
LeY  vaccines  were  prepared.  The  first  was  the  same  except  that  an  improved  LeY 
to  KLH  ratio  (600/1)  was  achieved.  A  trial  with  this  vaccine  was  recently 
initiated  in  patients  with  ovarian  cancer.  An  additional  vaccine  containing  Le 
clusters  has  been  prepared  and  is  currently  being  tested  in  mice.  This  contains 
three  LeY  pentasaccharides  linked  to  alternating  serines  on  a  short  peptide  chain 
with  a  terminal  cystine,  which  is  used  for  linkage  to  KLH. 

TABLE  2 

Summary  of  Serological  Responses  to  Vaccination  with  LeY-KLH+QS21 

Vaccine  No  of  Peak  Median  Median  Peak  FACS  Median  CDC 

LeY  Dose  Patients  ELISA  Titer  %  Positive  Cells  %  Lysis 

IgM  IgG 

3pg  6  20  0 

10pg  6  80  0 

30pg  6  40  0 

60pg  6  20  0 


KEY  RESEARCH  ACCOMPLISHMENTS 

1)  Preparation  of  a  1 06aa  MUC 1  peptide  with  proper  sequence  for 
conjugation  to  KLH  and  vaccine  production. 

2)  Preparation  of  a  series  of  MUC  1 -KLH  vaccines  and  completion  of  pre- 
clinical  and  clinical  testing. 

3)  Synthesis  of  LeY  pentasaccarides  for  vaccine  production. 

4)  Preparation  of  LeY  conjugate  vaccines  and  completion  of  pre-clinical  and 
clinical  testing. 

5)  Preparation  of  second  generation  MUC1  and  LeY  vaccines  containing 
glycosylated  MUC1,  higher  epitope  ratio  LeY,  and  LeY  clusters. 


10 

7.3 

26 

29 

24 

19 

8.6 

7 
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REPORTABLE  OUTCOMES 


Pending  results  of  currently  ongoing  trials 


CONCLUSIONS 

The  MUC1  and  LeY  vaccines  prepared  and  tested  over  the  last  year  have  resulted 
in  high  titer  antibodies  against  the  synthetic  antigens  which  were  of  relatively 
modest  titer  against  tumor  cells  expressing  these  antigens.  While  these  vaccines 
could  be  included  in  future  polyvalent  vaccines,  it  is  our  impression  that  we  can 
augment  the  relevant  immunogenicity  by  the  modifications  demonstrated. 
Consequently,  a  series  of  second  generation  MUC1  and  LeY  vaccines  have  been 
prepared,  tested  for  safety  and  immunogenicity  in  mice  and  are  now  in  clinical 
trials.  Trials  with  the  first  two,  a  longer  MUC1  peptide  (106aa)  and  a 
glycosylated  version  of  this  longer  MUC1  peptide,  have  been  completed  and  the 
serologic  results  are  not  better  than  with  the  original  shorter,  unglycosylated 
MUC1 .  Results  of  the  currently  ongoing  trials  with  shorter  glycosylated  MUC1 
peptides  and  with  the  higher  epitope  ratio  LeY  are  not  yet  available. 
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